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ABSTRACT 
This research has been carried out based on the recycling of 7075 aluminium alloy via 
powder metallurgy technique. Methods chose in recycling waste material is being 
concerned as one of the major issues. Recycled materials were obtained from 7075 
aluminium alloy machining chips via powder metallurgy technique. Both ball milling time 
and sintering temperature have a positive effect on the mechanical properties. The main 
point in this research is to produce recycled 7075 aluminium alloy by using powder 
metallurgy technique. This is because by using conventional method, a lot of heat will be 
involved throughout the process and can pollute the environment. This powder metallurgy 
technique is propose in a way that this process can assist in saving the environment where 
minimal heat is used throughout the process. By using this technique, the environmental 
factor can be reduced other than saving energy and cost. In this research, recycled 7075 
aluminium alloy with addition of alumina and graphite was produced. Physical and 
mechanical properties of the sample with and without addition of alumina and graphite are 
tested. Each property is then compared to determine which sample has better properties. 
All samples undergoes the same process which started with ball milling at 100, 150 and 
200 rpm, pressed at pressure of 40 tonnes and sintered at three different temperatures 
which are 550, 600 and 650 °C. After sintering, the sample undergoes physical and 
mechanical testing. The microstructure of specimens were observed using Scanning 
Electron Microscopy (SEM) to study the surface morphology, while tensile test were 
measured by using a Universal Testing Machine (UTM). Besides, particle size distribution 
was measured using Particle Size Analyzer (PSA) for each speed of powder produced and 
green density was measured using electronic densimeter before and after the sintering 
process. Microhardness analysis was made using Vickers Hardness to measure the 
hardness of the samples after being sintered. Sample A8 (200 rpm ball milling, 650 °C 
sintering temperature, graphite reinforcement) point out as the highest sintered density of 
recycled 7075 aluminium alloy (2.681 g/cm3) with less porosity. The microhardness value 
with 71 Hv, 25.082 MPa tensile strength and 3.45 % elongation to failure were recorded as 
the maximum value obtained in the research by the same A8 sample. It is found that 
porosity, density, tensile strength and microhardness correlates to each other. 
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CHAPTER 1 
 
INTRODUCTION 
 
Nowadays, one of the great challenges of the world is conserving energy to reduce 
the usage of primary natural resources by developing and improving lightweight materials 
(Hassan and Gupta, 2005; Warikh et al., 2012). The increasing global demand of 
aluminium is because of its excellent corrosion resistance with good strength and low 
density compared with steel (Frery and Frery, 2004; Ng et al., 2012). Aluminium is the 
most abundant metallic element and it is the third constituent of the earth’s crust. 
However, a large quantity of aluminium machined chips will be produced with the 
increasing of its application. So, to encourage the contribution of aluminium to the 
industry, it is necessary to develop good recycling process. The public concern of global 
warming has led to the production of secondary aluminium to substitute the current used of 
primary aluminium (Amini et al., 2009; Frery and Frery, 2004). The main advantages of 
aluminium recycling are low in production cost, do not harm the environment and saving 
primary aluminium resources and thus satisfy the modern industrial societies aim (Logozar 
et al., 2006; Zhou et al., 2006). Recently, direct conversion method of aluminium chip 
recycling has been introduced without the melting process to overcome the disadvantages 
of conventional method. 
 
1.1 Background of Study 
Nowadays, methods chose in recycling waste material is being concerned as one of 
the major issues. The cost of material processing produced by conventional methods is 
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much higher compared to recycled materials (Sherafat et al., 2009). Thus, recycling has 
become a well-known method used in material production, mainly in developed countries 
(Chmura and Gronotajski, 2006). In recent years, a technology in manufacturing materials 
has been developed with desired properties, including manufactured product from waste 
material (Chmura and Gronotajski, 2000; Gronotajski and Matuszak, 1999; Gronotajski et 
al., 2001). 
The production process of primary aluminium requires complicated processes 
starting with bauxite mining, purification of alumina by a Bayer process that consumes a 
lot of energy. This deficiency has encourage the development of secondary aluminium 
resources due to climate change concern and environmental benefit including energy 
saving, reduction of solid waste disposal and reduction of greenhouse gasses emissions 
(Frery and Frery, 2004). Thus, its economic and environmental benefits have made the 
secondary aluminium resource turn out to be even more popular issue in aluminium 
production area. Most reported work of aluminium recycling used pure aluminium without 
the specific series. 
During manufacturing of products, many different types and sizes of chips are 
produced after the machining process (Puga et al., 2009). However, conventional recycling 
will cause metal lost due to oxidation and also increase the labour and energy cost 
(Gronotajski et al., 2001; Gronotajski et al., 2002). However, only 5% of energy required 
in producing the aluminium from ore needed to recycle it (Gronotajski and Matuszak, 
1999; Verran and Kurzawa, 2008). Therefore, secondary aluminium has been approved in 
many countries. The efficiency of the two methods can be evaluated by comparing the total 
cost involved and percentage of metal losses during the recycling processes. 
By using the conventional aluminium recycling method, several melting techniques 
were conducted to study the recyclability of aluminium chips and the effects of chips 
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preparation in the aluminium dross production and recovery rate (Puga et al., 2009). 
Besides, the pressure of cold press also affects the melting process. Research had been 
conducted using both conventional and direct conversion methods to recycle different 
types of aluminium chips. For example, aluminium turning chips were melted at 800 oC 
with protective salt flux under nitrogen atmosphere. The authors also stated that the 
complicated part was to separate the selected aluminium chips into different types and 
sizes (Amini et al., 2009; Xiao and Reuter, 2002). Other than that, aluminium chips were 
milled into powder, cold compacted and followed by extrusion at the temperature range of 
500–550 oC (Gronotajski and Matuszak, 1999). Other researchers also added the sintering 
process before the final extrusion (Samuel, 2003). Tekkaya et al. (2009) directly hot 
extruded the 6061 aluminium chips into blocks. Using the direct conversion recycling 
process, Sherafat et al. (2009) mixed the 7075 aluminium chips with aluminium powder to 
study the effects of amount of aluminium powder and extrusion temperature on the 
mechanical properties of materials produced. 
It has been found that the direct conversion of aluminium and its alloy chips into 
final products is highly potential in aluminium recycling process to produce materials with 
lower porosity and relative density with up to 95 %, and produce slightly lower tensile and 
hardness of recycled aluminium compared to those metallurgically produced aluminium 
(Gronotajski and Matuszak, 1999; Gronotajski et al., 1998). The main aim of the 
investigations was to determine the effect of particle size distribution of the aluminium 
powder produced from the chips, ball milling speed and different sintering temperature on 
the properties of the final samples. 
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1.2 Problem Statement       
 An alternative process has been elaborated to avoid the troubles deriving from the 
conventional recycling process, where the chips are cut or milled and converted directly by 
powder metallurgy process into final products. Conventional aluminium recycling process 
starts with collection of used aluminium products, followed by the treatment and sorting 
process for reprocessing. Then, the cleaned product will go through remelting process to 
produce molten aluminium. The molten aluminium is then made into large blocks called 
ingot before further processing into finished products. The remelting process is the main 
disadvantage of conventional aluminium recycling process that can cause carbon dioxide 
emission, produce new scrap and hazardous waste, high energy consumption and operating 
cost and also causing 46 % material loss. 
 Recycling of aluminium and its alloys by the direct convertion method is relatively 
simple, consumed only a small amount of energy and does not have any harmful effects on 
the environment and produce 95 % of material recovery. The correct size and shape of 
chips is essential for good compaction during the preliminary pressing operation. It has 
been found that direct conversion of aluminium and its alloy chips into final products 
results in materials characterised by low porosity and a relative density, exceeding 95 %, 
the hardness and tensile properties of the recycled materials, however, being slightly lower 
than those of metallurgically-produced material. To obtain better properties of the extruded 
products, new investigations were undertaken, the main aim of the investigations being to 
determine the effect of small additions of strengthening particles into the aluminium chips 
on the properties of the final products. 
At the point when metal products are manufactured, significant measures of waste 
as chips and disposes of are produced. This waste and scrap is return to melting, whereby a 
portion of the metal is recouped and reutilized in production processes. Throughout 
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recycling of waste material, a huge amount of metal is lost as a consequence of oxidation 
during remelting process and costs of labour and energy as well as the expenditures on 
environmental protection increases the general cost of the process (Gronostajski et al., 
2001). So, by eliminating the remelting process, the entire problem caused by remelting 
process can be avoided. 
A few researchers found that the hardness and tensile properties of the recycled 
materials are slightly lower than those of metallurgically produced materials, which is due 
to residual porosity and imperfect bonding between the chips after hot extrusion process 
(Gronostajski et al., 1998). Therefore, in order to obtain better mechanical properties of the 
products, the effect of aluminium powders as a binder in recycling Aluminium 7075 was 
investigated (Sherafat et al., 2009).  
Powder Metallurgy is thought to be the most common production technique for 
metal matrix composites (Rahimian et al., 2009). Authors also compared that powder 
metallurgy technique have lower processing temperature and this is the reason why 
melting of aluminium is axed from the recycling of aluminium chips. Besides that, powder 
metallurgy has proven that it can be cost effective. Therefore, in this research, powder 
metallurgy will be used as the method to recycle aluminium alloy 7075. 
 
1.3 Objectives of study 
a) To produce recycled 7075 aluminium alloy by using powder metallurgy 
technique. 
b) To analyze the recycled 7075 aluminium alloy performance in terms of 
physical and mechanical properties. 
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1.4 Scope of study 
The scope of this thesis are conducted using Al7075 billet and converted into chips 
using high speed end milling machine (Sodick-MC430L) with the following parameters 
and conditions: 
a) Tool: 10.0 mm diameter uncoated solid carbide 
b) Dry cutting operation without coolant 
c) Spindle speed: 35 000 rpm 
d) High cutting speed: 1100 m/min 
e) Depth of cut, DOC: 0.5 mm 
f) Feed, f: 0.02 mm/tooth 
 
The aluminium chips were then converted into powder by ball milling process 
using planetary ball milling machine (Insmart Twin Bowl Mini Ball Mill) at three different 
ball milling speed which are 100, 150 and 200 rpm. During the ball milling process, the 
aluminium powder was mixed with 4 % alumina, Al2O3 (0.5 μm, 99 % purity) and 
compared with sample with a mixture of 1 % of graphite. Then, powder metallurgy 
method was continued by compaction process with constant pressure of 40 tonne into the 
standard tensile specimens (6 mm x 100 mm x 5 mm) based on ASTM E8 and were 
sintered in tube furnace in argon environment, at three different temperatures which are 
550, 600 and 650 oC.  
 The microstructure of specimens were observed using Zeiss EVO-50 ESEM 
Scanning Electron Microscope machine to study the surface morphology. Tensile test were 
measured by using a Universal Testing Machine (Shimadzu AG-1 100KN, Japan). Particle 
size distribution was measured using Particle Size Analyzer (Malvern Mastersizer 2000) 
for each speed of powder produced. Green density was measured using Electronic 
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Densimeter (Alfa Mirage MD-300S) before and after the sintering process. Microhardness 
analysis was made using Vickers Hardness (HM-200 Series Micro Vickers Hardness 
Tester) to measure the hardness of the samples after being sintered and was calculated with 
average repeated test for the results. 
 
1.5 Significance of Study 
This research uses a direct technique for recycling aluminium chips by powder metallurgy 
process instead of conventional method which it will carry out without melting phase. This 
technique is characterized by fewer steps and gives benefit on low energy consumption 
and operating cost. It reveals the performance of recycled aluminium chips on their 
mechanical properties and microstructure by comparing them with the original aluminium-
base composite.  It is expected to review the possibility of this recycled aluminium chips 
as a secondary resources as an alternative to overcome the shortage of primary resources. 
This will be an initiative to machining practitioners and industry as a way to support our 
government on Green Technology and waste management.  It will help to reduce the land 
use for mining and provides very low air pollution emission. This effort can be describe as 
sustainable manufacturing which is to create the manufactured products using the process 
that minimize negative environmental impact, conserve energy and natural resources, safe 
for communities and economically. 
 
1.6 Structure of Thesis 
This project was organized into five chapters: 
 Chapter 1 is the introduction of the report. This chapter contains the background, 
problem statement, objectives and scope of the thesis. It provides an overview of 
the thesis, summarization of chapters and brief explanation of overall thesis. 
